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Abstract 
Stone grinding has been the state-of-the-art for Nordic ski preparation for approximately the last 2.5 decades. This paper presents 
a new approach to preparing ski running surfaces, and a new grinding machine has been developed. A grinding wheel made of 
metallic material, a stationary placed ski and fully controllable process parameters are some of the key features for this device. 
The processes of traditional stone grinding and the new approach with a metallic grinding wheel are presented. Two examples of 
both grinding methods were analysed with a 3D microscope, and amplitude and spacing parameters are presented. In a further 
step, a comparison between traditional stone grinding and grinding with a metallic tool was performed. A relative variability of 
the mean roughness of 5.1 % for the metallic ground skis was clearly lower than the 8.4 % for the stone ground ones, which 
emphasizes an improved control of the resulting surface texture with the presented new metallic grinding approach. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the School of Aerospace, Mechanical and Manufacturing Engineering, RMIT University. 
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1. Introduction 
In competitive skiing, it is essential to minimize snow friction between the ski’s base and the snow surface. 
Nordic skiing has gone through several revolutions in the previous 100 years, and when competitive skiing became 
popular in Scandinavia in approximately 1850, the material used was limited to wooden skis with simple bindings. 
In 1965, the first skis with synthetic materials and a polypropylene base were produced by the Askjem skifabrikk [1].  
A good performance in skiing depends on a perfect glide. Sintered thermoplastic materials became a standard in 
racing skiing bases, with these materials opening up for new processes and treatments. Among other parameters, the 
ski base is a very valuable part of a cross-country ski, which affects the kinetic friction, and has to meet some very 
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special requirements. A high abrasive resistance, its natural hydrophobic behaviour and easy manufacturing 
processing makes ultra-high molecular weight polyethylene (UHMWPE) the number one choice for ski bases. The 
high-density polyethylene and UHMWPE are linear forms of polyethylene with a semi-crystalline morphology [2]. 
The low coefficient of kinetic friction, μ of the ski base has been described in previous studies [3-8]. The role of 
surface topography is not just one of the most crucial parts in skiing, as it was shown by Giesbrecht et al. [4] that the 
ski bases of an arithmetic mean surface roughness, Ra of less than 0.2 μm experience a considerably higher friction 
with snow. A unidirectional topography along the axis of the slider improved the sliding performance for both 
hydrophobic and hydrophilic materials. According to the ambient snow and weather conditions, a suitable surface 
texture has to be chosen to minimize the kinetic friction [9, 10], as the chosen surface texture depends on the 
competition speed. Coarser structures are chosen for alpine skiing compared to Nordic skiing, where the latter 
average speed is much lower [11]. An optical analysis of the ski base is essential to quantify the differences between 
various grinds, with such tools and routines as presented by Moldestad [12] and Mathia [8, 11].  
In comprehensive tests prior to cross-country races, the ski technicians select the structure that performs best 
under the given snow and weather conditions. Even small differences in the structure design and texture can result in 
higher friction, and furthermore in a worse gliding performance. Therefore, it is essential to reproduce a structure as 
evenly as possible in order to be able to guarantee equal conditions for all the athletes.  
Two of the major processes for the ski base treatment are steel scraping and stone grinding. By steel scraping the 
surface texture is modified by a manual process, resulting in an improved gliding performance [13]. For 
approximately the last 2.5 decades, in elite skiing, the procedure of choice to prepare the surface texture has been 
stone grinding. Grinding is a chip removal process, which is a complex, abrasive machining process due to various 
adjustable parameters. It is an interaction of the dressing diamond, the rotating stone and the ski base itself. In 
addition, there are surrounding parameters that can have a major effect on the process and therefore also on the 
result. 
The motivation of this study was to develop a new machine that combines the experience and advantages of stone 
grinding machines, while at the same time looking to further improve the surface treatment process. A major goal 
was to develop a system that can reproduce a chosen surface texture to a higher extent within narrow tolerances.  
In this study, a comparison between traditional stone grinding and a newly developed milling method with a 
metallic cutting wheel is presented. A test setup to validate the milling quality was performed and the results were 
compared to each other.  
2. Description of the milling machine 
A solid steel frame guarantees a low vibration operation during the grinding process, and the developed machine 
has three axis freedom of motion: two linear (longitudinal - feed, vertical - cutting tool head) and one rotational 
(spindle) freedom of motion. The top surface of the ski is placed facing downward in a specially designed ski bed 
unit that can be adjusted for different ski lengths and curvatures. The operating cutting unit moves along the full 
horizontal length of the ski while it stays statically locked during the entire process. An electric motor controls the 
horizontal feed speed of the cutting unit, with the maximum feed speed limited to 300 mm·s-1. The spindle is 
balanced and controlled in a vertical direction via pneumatic pressure units that allow an accurate load control up to 
300 N. The maximum rotational speed of the cutting tool is 600 rpm. The assembled prototype is shown in Figure 1. 
2.1. The cutting tool 
The cutting tool is made of metallic material, with clearly defined geometries designed using 3D CAD 
programmes. The advanced production process and cutting geometries of the wheel cannot be revealed in its full 
details due to corporate rights. The cutting process is comparable to a milling operation rather than to a traditional 
grinding operation, which allows for a number of versatile machining operations. A certain number of clearly 
defined cutting edges interact with the ski base, thereby resulting in a material removing process. The chip formation 
is affected by the cutting tool design and process parameters such as circumferential speed, load and feed velocity, 
and a smooth cutting process is achieved by sharp teeth. Moreover, factors such as feed per cutting edge, cutting 
depth and cutting length are a result of the cutting tool design. 
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2.2. Operational setup  
A cross-country ski is placed in the ski bed unit before the operations starts, and a cutting wheel is attached to the 
spindle and locked by a hexagonal socket screw. The operator has to select parameters for feed speed, 
circumferential speed and cutting load. All parameters can be a function of the ski length, and they can be monitored 
and continuously changed. The operation duration primarily depends on the feed speed. 
In the setup with the new milling approach, the ski is placed upside down and stationary in its natural shape, thus 
resulting in a curved surface that the metallic cutting wheel follows. A solid foundation holds the ski in place and 
levels it in the horizontal plane, and the pneumatic controlled tool head continuously adjust the cutting pressure since 
the tool has to follow the curvature of the ski.  
3. Methods 
3.1. Surface analysis 
One way to categorize the ski base surface is to measure the roughness. The arithmetic mean deviation, Ra of the 
assessed roughness profile is calculated based on five sequent samples, which can be defined by: 
 ܴ௔ ൌ ଵ௡ ׬ ȁܼሺݔሻȁ݀ݔ
௡
଴   (1) 
where Z(x) is a discrete set of surface height points of the ski base. According to Moldestad [12], typical Ra 
values for cross-country skis range from approximately 1 μm for the finest to 10 μm for the coarsest structures. 
Another often-used parameter is the root mean square deviation, Rq of the profile: 
 ܴ௤ ൌ ටଵ௡ ׬ ܼଶሺݔሻ݀ݔ
௡
଴   (2) 
The mean peak to valley height of the roughness profile, Rz takes random extreme irregularities of the surface 
into account, and is therefore a suitable complement of parameters Ra and Rq. When analysing and comparing the 
results of the Ra and Rq values, it must be considered that they only depend on the profile in a vertical direction, 
which does not offer any information about the period length, shape, slope or size of the asperities or the regularity 
of their occurrence. The mean spacing of the profile irregularities, Rsm is a parameter that is used for periodic 
profiles and surfaces, such as structures used on ski bases. The Rsm is the mean value of the profile element width, Xs 
within a sampling length, and it is defined by: 
 ܴ௦௠ ൌ  ଵ௠σ ܺݏ௜௠௜   (3) 
Further parameters that describe a texture in more detail are skewness, Rsk and kurtosis, Rku. The skewness is a 
useful parameter, which represents a degree of symmetry of the topographic density function by: 
 ܴ௦௞ ൌ ଵோ೜య ቂ
ଵ
௡௥ ׬ ܼଷሺݔሻ݀ݔ
௡௥
଴ ቃ  (4) 
Fig. 1: Milling machine with ski placed stationary in a specially designed ski bed unit and the cutting unit. 
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Rsk is the quotient of the mean cube value of the ordinate values Z(x) and the cube of Rq, respectively, within a 
sampling length. The Kurtosis of the assessed profile is the quotient of the mean quartic: 
 ܴ௞௨ ൌ ଵோ೜ర ቂ
ଵ
௡௥ ׬ ܼସሺݔሻ݀ݔ
௡௥
଴ ቃ  (5) 
It is a measure of the sharpness of the probability density function of the ordinate values. 
3.2. Comparison between stone grinding and metallic milling 
In order to compare variations of the selected roughness parameters for the two methods, 10 skis were prepared 
under identical grinding and milling parameters each. Surface parameters were tested with a TR200 surface 
roughness tester (TIME High Technology, Beijing), and the sample length, which corresponds to the cut-off length, 
λc was set to 2.5 mm for all measurements. The arithmetic mean roughness, Ra of each profile was calculated based 
on the average five sequent samples. All skis were plane ground before the study to an Ra of 1 ± 0.20 μm. The 
relative variability, CV was defined as the quotient between the standard deviation, σ to average the mean roughness, 
Ra. 
For the stone ground and milled skis, a medium-coarse structure was applied on 10 skis with constant process 
parameters for the grinding wheel, feed speed and grinding pressure. Each ski was ground once by an experienced 
ski technician from the Norwegian National Team, and roughness measurements were performed on five positions 
along the ski base at 20 cm, 60 cm, 90 cm, 140 cm and 175 cm from the ski tip on all skis. 
4. Results 
4.1. Comparison between stone ground and milled structures 
The stone ground skis showed a greater variation in the mean roughness, Ra along the ski. Ra values were 
constant at 20 cm and 60 cm behind the ski tip with 5.2 μm (Figure 2c), and the mean was highest at 90 cm and 140 
cm from the ski tip with 5.6 μm and 5.58 μm, respectively. The lowest mean was measured at 180 cm with an Ra of 
5.07 μm, which was significantly lower compared to the 90 cm measurement point (Table 1). The average standard 
deviation from all measurement points was 0.45 μm, whereas the biggest variation was shown on the front part of 
the ski for the 60 cm and 90 cm measurement points with a σ of 0.52 μm (Figure 2a). 
The milled skis exhibited the lowest mean roughness at 60 cm and the highest at 90 cm from the ski tip (Figure 
2f). The standard deviation varied between 0.15 μm to 0.34 μm, and showed a total average of 0.283 μm for all 50 
measured roughness profiles. There was no clear trend for the mean roughness after 10 ground skis for both methods 
(Figure 2b, e) and the new milling process demonstrated a lower variation of the mean roughness along the five 
measured positions with 0.12 μm, whereas the stone ground skis had a standard deviation of 0.23 μm. The CV of the 
milled skis was 5.1 %, while the stone ground skis showed a CV of 8.4 %. 
Table 1: Average mean roughness (Ra), standard deviation (σ) and relative variability (CV) from the profile roughness measurements for the stone 
ground (SG) and milled (MC) samples based on n = 10 samples for each position. 
Position SG Ra SG σ. SG CV  MC Ra MC σ. MC CV 
[cm] [μm] [μm] [%]  [μm] [μm] [%] 
20 5.25 0.327 6.2  5.59 0.225 4.0 
60 5.23 0.518 9.9  5.36 0.147 2.8 
90 5.60 0.515 9.2  5.70 0.335 5.9 
140 5.58 0.313 5.6  5.52 0.295 5.3 
180 5.07 0.388 7.6  5.57 0.320 5.7 
Total 5.34 0.4502 8.4  5.56 0.283 5.1 
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(a) (b) (c) 
(d) (e) (f) 
Fig. 2. (a, d) Mean roughness, Ra results for all measurement points along the five chosen points along the ski. The average of each point is 
connected with a dashed line. (b, e) Average mean roughness, Ra ± σ for the ten ground and milled skis; (c, f) Average mean roughness, Ra ± σ for 
all five chosen measurement points along the ski; (a, b, c) stone ground skis and (d, e, f) milled skis. 
5. Discussion 
In this study, a new and innovative approach for the grinding of cross-country skis has been presented using a 
metallic cutting tool instead of traditional stone grinding. Such a method has not been published earlier, and the 
stone grinding and milling processes are completely different from each other. 
One advantage of stone grinding is that with the help of one diamond and one grinding stone, an almost endless 
combination of structures can be designed and ground to the skis. Abrasive particles from a grinding stone as well as 
the dressing diamond wear down, causing continuous changes of the grinding surface, which results in a varying 
result of the structure on the ski base. Frequent surface tests have to be made in order to guarantee constant quality 
and regular re-dressing of the grinding stone is compulsory. In stone grinding, the ski is passed between the rotating 
grinding wheel and a downwards-pushing feeding wheel, which exerts a predefined feeding speed and loading 
pressure. The binding is usually removed to avoid sharp edges that could cause the ski to become stuck during the 
grinding. The typical ski construction shows a thicker body in the middle of the ski in a sectional view up to a 
maximum of 35 mm [14], as well as a reduced thickness towards both the ski tip and end. This variation in the ski-
body shape seems to have an impact on the grinding results in stone grinding resulting in lower Ra values at the ski 
tip and tail.  
The presented machine presents a new method with fewer parts involved in the operation, in addition to less 
maintenance requirements. The development and construction process of the new machine has lasted for several 
years, and demanded many iteration loops with modifications of the device. The contribution to the construction of 
the cutting tool was based on expertise from analysing more than 200 ski base samples in an earlier study [15].  
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Milling does not offer the same possibilities as stone grinding, nonetheless a certain variety can be achieved by 
changing one of the process factors, namely the cutting tool circumferential speed, the feed speed and the load. The 
freedom to alternate all factors along the entire ski length opens up for further research and gliding tests.  
6. Conclusion 
An innovative approach to modify ski bases is presented. The new method uses a metallic cutting tool, rather than 
a grinding stone to create a texture on ski bases. 
The relative variability from 50 samples of milled and stone ground skis revealed a clear difference between the 
two processes. The newly presented approach had a CV of 5.1 %, while the stone ground samples showed a relative 
variability of 8.4 %.  
The new milling machine can offer interesting surface textures that contribute to an optimized performance. The 
value of this new and innovative method of producing a structure should be obvious. Nevertheless, the structure has 
to fit to the local snow and track conditions to achieve a perfect glide. 
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